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NMPUMEHEHUS

Ot naptHepoB nporpammsbl Natural Gas STAR

REPLACING GLYCOL DEHYDRATORS WITH DESICCANT
DEHYDRATORS

3AMEHA MAMKONEBOIO OCYWAUTENA CUKKATUBHBIM

B CLUA okono 30 000 ra3oBbIx CKBaXXWH BbICOKOrO AaBfneHust npom3sogdat 4 Tpunn. gyt.? (112 mnpg. m*) npupoaHoro
rasa B rog. Okono 700 13 3TX CKBaXWH UCMONb3ylOT 0ObIYHbIE ITIMKONEBbLIE OCYLUMTENN, BblOpackiBaloLLmMe B
atmocdepy okono 1 mnpg. dyT.* (28 mnH. M*) MeTaHa B rog. [Mukonesble ocylnTeNnu BeibpackiBaoT B aTMocdepy
MeTaH, netyyne opraHudeckue coegmHeHus (JIOC) n onacHble atmocdepHble 3arpsisHuTeny (OA3) yepes rmmnkoneBbIi
aecopbep, KpoMe TOro MPOMCXOOUT yTeYKa ra3a Yyepes yCTPOMNCTBA NMHEBMATUYECKOrO yrpaBrneHusi. Takum obpasom,
NpoMCXOaUT NOTeps rasa, YBENMYMBAKOTCS 3aTpaThl U 3arpsi3HEHNE OKpY>KatoLLEN Cpenpbl.

MapTHepbl nporpammbl Natural Gas STAR oBHapyunm, 4To 3aMeHa rMYKONEBOro OCYLUUTENS HA CUKKATUBHbIN
cokpaLuaet amumccmio meTtana, JTOC n OA3 Ha 99%, a Takke CHWXaeT pacxofbl Ha aKkcnnyataumio n obenyxmeaHve. B
CVIKKaTMBHOM OCYLLUMTENE BIaXKHbIN ra3 NpOXoauT Yepes OCyLUatoLWMN Cror, COCTOALLMIN U3 CUKKATUBHBLIX rpaHyr.
TabneTkv NornoLLaloT Bnary 1 NoCTENEHHO PacTBOPSAOTCA. Takum obpasom, SMUCCUS ra3a MPOMCXOAUT TONbKO Mpu
OTKPbITOM OCyLUMTENe, HanpuMep, koraa Jo6aBnsAloT HOBbIE rPaHyrbl.

OKOHOMMWYECKMI aHanNM3 NMokasbIBaET, YTO 3aMeHa MNKONIEBOrO OCYLUMTENS MPOM3BOAUTENBHOCTLIO 1 MIH. hyT./aeHb
(28 ThiC. M*/AeHb) Ha CUKKaTUBHBIA, MOXET 06ecrnednTb 9KoHOMUIO B pasmepe Ao $4 403 B rod 3a cHeT yMeHbLLeHNs
06beMOB MOTPebNeHNs TOMMMBHOIO ra3a, BoIDPOCOB rasa, CHWDKEHMWS 3aTpaT Ha 3KCnyaTaumio 1 TEXHUYEeCcKoe
obcnyknBaHMe, a Takke CoKpalleHne aM1MccumM MeTaHa Ha 564 mMnH. dyT.%/roa (15,8 Teic. m*/rog).

D,aHHbIVI OTYET NOCBALLEH TOMY, KaK NapTHepbl MOryT onpenenatb obnactu NPUMEeHEeHNA CUKKATUBHbIX OCyLIJI/ITeJ'IeIZ n
OLIeHUTb nonyvyeHmne 3KOHOMNUYECKUX N SKONTOrMYeCKnUX BbIroad.

MeTtop CpepHerogoBoe | CpegHero- | CtoumocTb | Kanutanb- | CToumocTb Cpok
COKpalleHusi | coKpalleHue noBasi C3KOHOMIIeH- Hble TeXHU4Yec- | OKynmaemocTy,

yTeuYKM rasa’ amuccumn 3KOHOMMA | Horo rasa, $* | 3aTparthbl, Koro ner
MeTaHa, rasa, BKnto4aa | obcnyxuBa-
Thic.chyT.? Thic.dpyT.’ YCTaHOBKY, HusA, $°
(TbIC. M?)? (TbIC. M?)* $°

3amMeHa muko-
NEBOW OCYLLKM Ha 564 (15,8) 1 063 (29,8) 3189 12 750 (1214) 29
CYIKKaTVBHYIO

' Tpun ycnoBuu, 4YTO OCyLLIUTENb NPOU3BOAUTENBHOCTLIO 1 MIH. dyT./AeHb (28 Thic. M*/aeHb) paboTtaeT npu gasneHun 450 yHTOB Ha KB. AOM
(3,1 MINa) n Temnepatype 47°F (8,33°C).

2 PasHuua B yTedke MeTaHa npu ruKoneBoM U CUKKaTUBHOM Cnocobe OCYyLLKWN.

* CyMMa COKpaLLeHUsl 3MUCCUM ra3a U 9KOHOMUSI TOMMMBHOTO rasa.

* Mpu ueHe rasa $3/Tuic. GyT. ($106/TbIC. M?).

® CTOMMOCTb YCTaHOBKM CUKKaTUBHOIO OCYLUUTENS 6€3 CTOMMOCTY AOMNONHUTENBHOrO 060pyA0BaHUSI, HEOOXOAUMOrO ANst 3aMeHbI FMUKONEBOro
ocyLumnTens.

® PasHuua B CTOMMOCTU TEXHUYECKOro 06CNyXMBAHUSA FFIMKONEBOr0 U CUKKATUBHOIO OCYLUUTENEN.

HacTtoswmn JOKYMEHT - OAMH M3 OTYETOB cepun "OnbIT NpuMeHeHus", pa3paboTtaHHon EPA B coTpyaHuyecTBe ¢
ra3oBoOK OTpacsibio B pamkax npoektoB nporpammbl Natural Gas STAR.



[obbiBaeMblIl ra3 B HOpMe conepXuTt Boay. Ecnn He yoanaTe Bogy, oHa
MOXET KOHAEHCMPOBAaTbCS /MK 3aMep3aTh B KOMMEKTOPHbIX, TPAHCMOPTHbIX
1 pacnpegenutenbHbiX Tpybax, MpoBoUMpys 3aKynopuBaHue, HapactaHue
OaBIeHns 1 Kopposuto. Bo nsbexxaHne atux npobrnem AoObIThin ra3 06bIMHO
MpOMyCKatT Yepes OCyLUNTENb, [Ae OH KOHTaKTMPYeT C abcopbeHTOoM, TakuMm
Kak TpuatuneHrnukons (T3AlN), anatunenrnukons (O30 nnn
nponurneHkapboHaTt. B camom pacnpocTpaHeHHOM cry4vae, Npuv MMNKONeBoN
ocywke, TAl nornowaet Bogy BmecTe ¢ metaHoMm, JIOC 1 OAS3.
MormoLleHHas Boda 1 yrneBogopodbl 3aTeM BbinapuBakoTcs B gecopbepe u
BblibpacbiBatoTcsa B atmocdepy. (Cm. otueT: "Optimize glycol curculation and
install flash tank separators in glycol dehydrators" /"Onmumusayusi
UUPKYSUUU 271UKOMS U MPUMEHEHUE cerapamopos-pacwiupumened npu
anukonesoli Oeaudpamauyuu”).

MaptHepbl Natural Gas STAR coobLuatoT 06 ycnewHoM NpuMeHeHM
anbTepHaTMBHOIO METOAA OCYLLKM rasa - CUKKaTUBHbIMK ocyLumTensamu. B
TaKUX YCTaHOBKaX OCYLUKUN UCMOSb3YTCS TMIPOCKOMNMUYHbIE CONU AN
yoaneHust Bogpbl U3 rasa. [pu aToM He nponcxoauT BonbLUnX BbIGpOCoB
meTaHa, JTOC n OAS.

CUKKaTuBbI

[MrpockonmyHble Conu, Takne Kak xyiopuabl Kanbumsi, Kanusi, NuTns,
NCMonb3yTCs B HedhTeErasoBow oTpacnu Ans gervaparaumm
HedTeNPOoAYKTOB yxe bonee 70 net. 3TK Conv NPUTArMBAOT U BNUTLIBAKOT
BOZY, MOCTEMNEHHO NpPeBpaLLasiCh B HACLILLEHHLIN CONEBON pacTBop.
KonunuecTBo Bnaru, normnoLiaemMomn 13 yrieBogopoaHoro ra3a, 3aBucuT ot
TUNA CUKKaTUBA, a TakkKe OT AaBMNeHNst U TEMMNepaTypbl rasa. Xnopuza
Kanbums, Hanbdonee UCNonb3yeMblin 1 AELUEBbIN CUKKATUB, MOXET
obecneunTb cofepxaHve Brarv, npurogHoe ansa Tpybonposogos, npu
Temnepatypax Huwke 59°F (15°C) n gaBneHuun 6onee 250 oyHTOB Ha KB.
aronm (1,7 MIMa). Xnopua nutusi, 6ornee JOporov CUKKaTB, UMEET BOrbLLYHO
obnactb npumeHeHust: go 70°F (21,11°C) n 6onee 100 cpyHTOB Ha KB. OONM
(0,7 MIa). B MpunoxeHun A npMBogATCA AaHHbIE paBHOBECHOIO
cofepkaHus Brarv B NpUpogHOM rasde, OCyLUEHHOM JNErkO4OCTYMHbIMU
Xrnopvaamu Kanbumst U nNTus.

OnucaHue npouecca

CuKKaTMBHbIN OCyLINTESb - O4E€Hb MPOCTOE yCTpOVICTBO. OHo He cooepXxnT
OBWXYLLNXCA yacTten n He TpeGyeT BHELLUHEro N1UTaHuA, 4To Aernaet ero
maearnbHbIM O54 yoareHHbIX 0ObeKTOB.

Kak nokasaHo Ha puc. 1, ra3 nogaerca cH13y B eMKOCTb Aecopbepa, rnoj
ceTkon. CeTka 1 Criov kepaMuU4ecKkmx LapukoB NpeaoTepaLlaoT
npoBanvBaHue rpaHyr CMKKaTuBa B OTCTOMHUK. BnaxHbln ra3 nogHMMaeTcs
BBEpPX Yepes ocyLuaroLwmii cron. MNpu ConpUKoCHOBEHWM C rpaHynamm
CUKKaTMB MOrnoLLaeT BoAAHOW nap 13 rasa. [1o mepe nornoLueHns Bogbl
CUKKaTMB CTaHOBUTCS XWUAKMM U CTEKAET B OTCTOMHUK Ha AHE emKocTw. 1o
Mepe obpas3oBaHMs HaCbILLEHHOrO PacTBOPa CUKKaTUB MOCTENEHHO YObIBaEeT.

PacTBop, HakannuearLWmWncs B OTCTOMHMKE, NEPUOANYECKN OTBOAUTCS B
HaKOMUTENbHbIN pe3epByap UMK (eCnm eCTb BO3MOXXHOCTb) B UCMAPUTESb.
MonyyeHHble BoAa 1 pacTBOP MOTYT 3akauMBaTbCsl B My0OOKME CKBaXKUHbI Ha
MecTe NMnbo NeprogmMyeckn BbIBO3UTLCS OJ1S1 3aXOPOHEHMS B APYrMX MecTax.



Puc. 1: Cxema pe3sepByapa CUKKaTUBHOIO OCYLUUTENS
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McTouHumk: Van Air

lMpwv OOCTaTOYHOM TOSLLMHE OCYLLAIOLLIErO CrOA codepXaHue Brarv B rase u
B CUKKaTVBe [OCTMraeT paBHOBECUS! 0 TOrO, KaK ras JOCTUIHET Bepxa
OCYLLAIOLLIEro Crios.

Cnoii conu Bbile YPOBHS, JOCTATOYHOIO Arsi LOCTWKEHWS paBHOBECHOMO
coaepaHus Brnaru, HasblBaeTcs "paboynm crioem conu”. 3ToT padoyui
MaTtepuan nepvogunyecku nononHsietTcs. Bo nsbexaHne npekpalleHms
npouecca fobbi4M unm nonagaHus BNaXHOro ra3a B TPAHCMOPTHbIN
TpybonpoBog B npoLecce NoMnonHeHnst paboyero cros, 6oMnbLWNHCTBO
yCTaHOBOK MMEIOT MO [Ba OCYLUMTENS: NOKa OAMH paboTaeT, Apyron
HarnorHSAETCs CobHo.

MapameTpbl akcnnyaTauum

[ns 3awutbl TpyOONPOBOAOB MPOM3BOAMTENN OCYLLAIOT ra3 A0 HY>KHbIX
napameTpoB Npv TEMMepaType HUXE OXXMOAEMOro MUHUMYyMa B
TpybonpoBoge. Ecnu ra3 He ocylumTb Hagnexawum odpasom, Boga u gpyrue
XKMAKOCTN MOTYT KOHOEHCMPOBATLCSA MO MEpPEe OXNaXaeHus rasa, yto
MPUBOAMT K 3aKynopke Tpyb u koppoaumn. YTtobbl n3dexars 3Toro,
Npoun3BOAMUTENM, KaK MPaBUIIo, OCYLUAKT ra3 40 3HaYEHWI BIaXXHOCTY,
COOTBETCTBYHOLMX crneundukaumm Tpybonposoaa, ot 4 4o 7 yHTOB Ha
MITH. yT.? (64 - 112 kr/mMnH. M°). KpyBble adhpeKTUBHOCTM CUKKaTUBa
MOKa3bIBaKT COOTHOLLEHMWS TEMMNEPATYpbl U OABNEHUS], NPU KOTOPbIX
BaXXHOCTb ra3a OyAeT COOTBETCTBOBATb CTaHAapTam BIaXHOCTU
TpybonpoBoga. Ha puc. 2, ¢ ncnonb3oBaHWeM gaHHbIX Tabnuubl cogepkaHms
Briaru u3 NpunoxeHusa A, npeactaBneHbl KOMOUHaLUM TemnepaTypbl U
BIaXXHOCTW, NPV KOTOPbIX BMAXHOCTb ra3a CoCTaBuUT 7 PyHTOB Ha MITH. yT.®
(112 kr/mnH. M*) MpY MCNOMb30BaHMKM OBYX Hanbonee NonynsipHbIX
CMIKKaTMBOB. 3aLUTpMXoBaHHas 00nacTb BbILE KPMBOW HACLILLEHMS HA pUC. 2
npeacTaBnseT "Ge3onacHble NapaMeTpbl KCnyaTaumn” XnopnaHo-
KarnbLIMeBOro OCyLUUTENS], MPU KOTOPbIX 3HAa4YEHNE BNaXXHOCTK rasa Oyaert
PaBHO U MEHbLLE 3Ha4YeHUs1, MPEAYCMOTPEHHOIO CTaH4APTOM.
[Mpon3BoanTENM UCMONB3YIOT 3TW KPMBbIE ANl ONpeaenieHns MUHUMAarbHOTO
OaBreHns rasa, HeobxoaMMOoro Anst 06ecneyYeHnst Hy>kHOM BraXKHOCTU. B
OaHHOM crlyyYae NofaBaeMbIl B XIOPUAHO-KanbLMEBBIA OCYLUATENb ra3 npu
TemnepaTtype 47°F (8,33°C) pomkeH ObITb CxaT no MeHbLuen mepe o 450



dyHTOB Ha kB. Atonm (3,1 MI1a), 4ToOGbl COOTBETCTBOBATL CTaHAAPTY 7
dyHTOB BOAbI HA MIH. doyT.? (112 kr/MrnH. M*°). Ha pucyHke npuBeaeHbl
KpvBble, KaK Ans Xfopuaa Kanbums, Tak U NUTUS, XOTS XIopya NNTUs
NCNOMnb3yeTcs PeaKo M3-3a BbICOKOW CTOMMOCTM.

Puc. 2: KpuBble 3achcheKTMBHOCTU CMKKaTMBa Npu MakCUMarnbHO
npuemMsieMour BrnaXXHOCTU B Tpy6onpoBoge (7 coyHTOB BoAbl Ha
MIH. PyT.? (112 kr/MnH. M%)
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McTouHuk: Air & Vacuum Process, Inc. Temnepartypa, °F

NMononHeHune cMKKaTuBa U CnuBe pacTBopa

Mo mepe TOro, kak rpaHysnbl CMKKaTMBa MOrMoLWwaroT Brary 13 rasa, BblcoTa
OCYyLLaoLLIEro Criost MOCTENEHHO YMeHbLUaeTCcH. HekoTopble npon3soamTeni
noMeLLatoT "OKOLLKO" (CMOTPOBOE CTEKIO0) Ha CTEHKe ocywumTens (p1c.1) Ha
YpPOBHE A0MNyCTMMOrO MUHMMYMa CuKKaTuBa. Korga noBepxHOCTb CUKKaTuBa
CTaHOBMWTCS BuAHa B OKOLLKe, Onepartop AOSMKEH OOCkINaTh CMKKaTMBa 40
MaKCMMarbHOro ypoBHs. [lononHeHne paboyero cnos - pyvHasi onepauus,
BKItovatoLLas B cebs criegyowme 4encTBNS: NepekritoyeHne noToka rasa Ha
OPYron ocyLumTenb, NepPeKpbITUE KIanaHoB, YTOObI N30nMpoBaTh "nycTon”
OCyLUMTErNb, BblpaBHVBaHWE AABIEHMS ra3a ¢ aTMOCHEPHbIM, OTKPbITUE
HanonMHUTENbLHOTO FTHOKa 1 3acCbINKy rpaHyn cukkaTiea. OTo Tpebyet ot
onepartopa 3arpy3ku ogHoro unm 6onee 30-50 dyHTOBBIX (13,6-22,6 Kr)
MELLIKOB COMK, B 3aBUCUMOCTU OT KOHCTPYKLUMM ocyLumTenst. [ockomnbKy aTy
npouenypy NPMXOQUTCS BbIMOMHATb TEM Yallle, YeM BbILLE
NPOV3BOANTENBHOCTD YCTAHOBKW, CUKKATUBHbBIE OCYLLUMTENW, Kak NpaBuIio,
NMPUMEHSIIOTCA B Crydasix, korga oObem OCyLLIaeMoro rasa He npesbIaeT 5
MIH. yT.*/cyT. (140 TbiC. M*/cyT.).

PacTtBop 13 OTCTOMHKKA MHOTAA CNMBAETCS BPYYHYHO (CUKKATUBHbIE
ocymTenu obbivHO HakannueatoT ot 10 go 50 rannoHos (ot 37,85 o
189,25 nutpoB) pacTteBopa B Heaento). lNepen CNMBOM B UCMapUTENbHYHO
€MKOCTb, PEKOMEHAYETCS BbIPOBHATL AaBMNEHNE, @ OTKaYKy XKUAKOCTU B
pesepByap yoobHee Npon3BoauTbL MPY BbICOKOM AaBneHun. B pegkmx
Cryyasx pacTBOp OTKa4MBaloT B aBTOLMCTEPHY C MOMOLLbHO MHEBMATUYECKON
noMnbl.



Vicnonb3oBaHne CUKKaTMBHbIX ocyu.uleeneFl BMECTO [MKOIeBbIX AaeT
CylleCTBEHHble S3KOHOMUYECKNE N 3KOJ10rn4eckmne Bblroabl, BKIO4aaA:

% YMeHbLUeHUe KanuTarnbHbIX BNOXeHUn. CTOMMOCTb KanutarnbHbIX
3aTpar Ha CUMKKaTMBHbIA OCYLUMTENb HUXKE, YEM Ha IMUKoneBbin. B
CVIKKQTMBHOM OCYLUUTESE HE UCMOMb3YHTCS NPOMbIBOYHbINA HACOC,
NHEBMAaTMYECKOE yNpaBneHne, ra3oBblil HarpeeaTesnbs Unm
peboiinep/pereHepartop C ropernkon.

* CHWKEeHUe CTOMMOCTM IKCMIlyaTauuu U o6cnyxmBaHus. [MMKoneBbIii
OCyLUMTENb NMOTPEONSET 3HAUUTENBHOE KOMYECTBO A0OLITOMO rasa B
KayecTBe TOMMMBa AJ15 ra30BOr0 HarpeBaTens 1 rrnKoNeBoro
pereHepaTopa. Ecnuv knanaH crivea pacTBopa aBToMaTU4eckuit, To
€[MHCTBEHHbIe 3aTpaThbl HA TEXHUYECKoe 06CyKMBaHNE CUKKATUBHOTO
OCYLUMTENS BKIOYAIOT MOMOMHEeHMe paboyero criosi.

* MuHMManbHyo aMuccuro meTtaHa, JIOC n OA3. Mmukonesble
OCYLUUTENN MNOCTOSIHHO BbiGpackIBatoT ra3 B aTMocdepy vepes
YCTpOWCTBA MHEBMATUYECKOIO YNPaBleHUst U Yepe3 BEHTUMSALIMIO
pereHepaTopa. AMUCCUS U3 CUKKATUBHOIO OCYLUMTENS MPOUCXOANT
TONbKO BO BPEMSI CHATUS AaBIEHNst B pe3epByape Ans NOMonHeHNs
CuKKaTVBa, 0Obl4HO oanH 06beM pesepByapa B Hegento. PacTeop
NPoAyLMpYeTCst B HEGOMbLUMX KONMYECTBaxX M NOrfoLaeT Masno
YrneBo4opOaoB.

MapTHepbI MOryT OLEHUTb

LienecoobpasHoCTb 1 MATbL 3TANOB OLEHKMU

9KOHOMUYECKUI dpchekT Lenecoo6pasHOCTU UCMONbL30BaHUSA
3aMeHbl [MMKOMNeBoV CUKKaTUBHOIO OCYLUUTEnNs:

OCYLLKWN Ha CUKKaTUBHYIO B

cnegyowen 1. BbIBOp ycTaHOBOK, AN KOTOPbIX 3amMeHa
nocreaoBaTeribHOCTM. LenecoobpasHa

97an 1: Buibop 2. OnpepgeneHne MOLHOCTM OCyLUMTEnNs
YCTaHOBOK, AN 3. OueHka KanuTasbHbIX 1 ONepauyoHHbIX 3aTpaTt
KOTOpPbIX 3aMeHa 4. OueHka 3KoHOMUMN

LenecoobpasHa. 5. OKoHOMMYeckun aHanu3

CuvKkaTVBHbIE OCYLUMTENN

3KOHOMMWYECKM BbIrO4HbI

npuv onpeaeneHHbIX YCroBusAx akcnnyartaumu. LienecoobpasHocTb
NPUMEHEHMS onpeaensieTcs B NepByto odepedb 06beMoM J0ObIBAEMOro
rasa, ero Temnepartypow u gaerneHvem. CUKKaTUBHbIE OCyLLIMTENW Hanbonee
3P eKTMBHbI, €Crn 06bEM OCYLLAEMOrO rasa He npeBbIlaeT 5 MnH. gyT.?
(140 Tbic. M®) B cyTK. OHM OCyLIaKOT ra3 40 HYXKHbIX NapaMeTPOB NMPY HU3KOW
TemnepaType 1 BbICOKOM AaBneHun. Ecrnv Temnepatypa nogaBaemoro rasa
CIMLLKOM BbICOKA, CUKKaTVB MOXET 00pa3oBbiBaThk MMAPOKCHAbI, KOTOpbIE
BbIMa4aT B 0CaA0K, Bbi3biBasi CriekaHue 1 Npobnembl Co CIIMBOM pacTBopa.
B atom crniyyae, 4ToObl NCMOMb30BaTh CUKKATUBHBIN OCYLUUTENb, MOXHO
OCTYOWTb M CXaTb NoAaBaeMblli ra3, HO TakMe Mepbl YCIOXHSIOT CUCTEMY U
0ObIYHO CIULLKOM AOPOTH.

Hanpotue, ans Gonee NpousBoanTeNbHbLIX CKBAXWH Myylle NoaxoaaT
rMUKONEBbIE OCYLUMTENW, K TOMY XK€ OHU fydlle paGoTaloT Npy BbICOKUX
Temnepatypax npu nobom aasneHun. OgHako, ecnv Temneparypa
rnodaBaemoro rasa CrvLLKOM HI3Ka s FIMKONeBoro npoLecca, oneparop
OyaeT BbIHY)AEH HarpeBaTh ra3 nepes nofgader Ha ocyLuky. Mockonbky
HarpeBaHue rasa noTpebyeT JOMONHUTENBHOE CXXUraHve rasa, Ha Takux
CKBaXKMHaX MOXET paccMaTpuBaThCs YCTaHOBKA CUKKATMBHBIX OCYLUMTENEN.
Puc. 3 unniocTpurpyerT, Npu Kakux YCroBUSX Kakue ocyLumTeny paboTatoT
nyuywe.



Puc. 3: OnTumanbHble paﬁoque ycrnoBusa OnsA pa3HbIX MeToOoB

OCYLLUKH
Huskoe gaBneHue Bbicokoe naBneHue
<100 dbyHTOB Ha Atonm® | >100 chyHTOB Ha AroNM?
(0,7 MIa) (0,7 Mra)
Huskve Temneparypbl
<70°F (<21,1°C) Cuikkatms/rmukonb1 CukkatmB
Bbicokune Temneparypbl
>70°F (>21,1°C) mukonb mukonb/cukkaTne1

" BoamMOXHO, notpebyeTcs Harpes rasa, YTobbl MCMoNb30BaTh MMKONEBLIN OCYLUUTESb, UNK
MoBbILLIEHVE [IaBIEHUE rasa, YToObl MCMOSb30BaTh CUKKATUBHBIN.
2 BoaMoxHO, noTpebyeTcst oxnaxaeHve rasa, YTobbl MCMOMNb30BaTh CUKKATUBHYH OCYLLIKY.

dtan 2: OnpeneneHne MOLWHOCTU ocylwumnTens. YTobbl oLeHnTb
TpebyeMmbil pasmep CMKKaTUBHOIO OCYLUUTENS, HYXKHO 3HaTb BNAaXHOCTb rasa
Ha BXofde W Ha BbIXxoAe. JTO HeOBX0AMMO, YTOObI BEIYMCANTE HYXXHOE
KONMYeCTBO CMKKaTMBa, a 3aTeM 1 pa3mep ocylumTens. [ns oueHkn
cofepaHvs Bodbl B ra3e Npovn3BOAUTENM UCTIONb3YIOT rpadvikn CoaepaHms
BOASIHOrO nMapa B npupogHom rase (cm. MNMpunoxerve B), Tabnuupl
cofepaHus Briarv unm crneumarnbHble NporpaMMbl, Takue, kak Hanover
Company's Quick Size, KOTOpble MOXHO HaNTW Ha canTe www.hanover-
co.com/home/products/index.html. MNpegnonoxmm, Mbl paccynTbiBaem
ocywmTenb Ans nepepabotkm 1 MnH. gyT.*/cyT. (28 Thic. M*/cyT.) rasa npu
Temnepatype 47°F (8,33°C) n gasneHum 450 pyHTOB Ha KB. AHONM

(3,1 MIMa). Ans gaHHoro cueHapus, UCNomnb3ys pasHble MeTodbl pacyeTa,
MONy4YMM OAMH W TOT Xe pe3yrbkTaT: MOTOK NPMPOAHOIO ra3a CoaepXuT

21 tpyHT BoAbl Ha MIH. yT.® (336 Kr/MIH. M°).

YT06bI cobntocTn CTaHOapT BJ1aXXHOCTU

B Tpy6onpoBoae 7 hyHTOB Ha MpaBuno npousBoauTtens

MITH. yT.* (112 Kr/MIH. M®), HY>KHO,
YTOObI XITOPUAHO-KanbLNEBbI OpHa YacTb CUKKaTuBa yaanser u3
cukkatue yaanun 14 dyHTOB BOAbl Ha rasa 3 4actu Bnaru.

MITH. dyT.° ras3a (224 kr/mnH. m°). ns

OCYLUUTENSA MOLLHOCTbBIO
1 MiH. pyT.%/cyT. (28 Tbic. MP/CyT), MCNONb3ys NPaBUIO NPOU3BOAUTENS O
TOM, YTO OfHa YacCTb CUKKaTMBa yaanseT u3 rasa 3 yactu Bnarv, nomnyyaem
pacxog xnopuvaa kanbums 4,7 dyHTa (2,13 kr) B AeHb. Puc. 4 unntoctpupyet
BbIYVCIEHNS.

CnepytoLwmnin war - onpegeneHve pasmepa ocywmtens. Nponssogutenu
NOCTaBNAT pe3epByapbl CUKKATUBHbIX OCyLIJI/ITGJ'IGVI CTaHOapPTHbIX
pasMepoB, KOTOpble OObIYHO Pa3nNMyaloTCs No BHELLUHEMY ANAMETPY U
MaKCMMarnbHOM NPOMYCKHOM CNOCOBHOCTM, Kak MoKa3aHo Ha puc. 6.

PasmMepbl paboyero crnosi paccumTbIBaOTCA ANst JOCTUXKEHUS paBHOBECHOIO
coaepxaHusa Bnaru. Y gaHHoro npoussoauTens rnybuHa pabovero cros
paBHa 5 grovimam (12,7 cm).

MapTHepbl MoryT BblOpaTh pa3vep pesepsyapa 13 Tabnui, NponssoauTens
Unu paccuuTaTtb ero, UCNorb3ys AaHHble puc. 5. [Ins BbllLenpuBeaeHHOro
npumMepa ¢ ocyLumTenem MoLHOCTLIO 1 MiH. yT.%/cyT. (28 Thic. M¥/CyT.),
ncrnonb3ys AaHHble puc. 5, nonyvaem pesepsyap C BHYTPEHHUM OUMaMETPOM
16,2 aonmos (41,2 cm), HapyXHbIM - okono 17 groimos (43,2 cm) €
TONLWMHOW CTeHKK okono 3/8 aronma (1 cm). Ha puc. 6, B konoHke 450
yHTOB Ha kB. Atonm (3,1 MIMa), Bbibepem 3HayeHus, paBHble unu Gornblune
HYXHbIX; B HaweM crnyyae 1,344 mnH. dyT.’/cyT. (37,632 Thic. M*/CyT.).
Mpocneaus aTy CTPOKY BNEBO, NOfyYaeM BHeLLHUA anameTp 20 ArMOoB
(50,8 cm).



Puc. 4: OnpeaeneHne AHEBHOro pacxona CUKKaTuBa

Fpe:
D = [IHeBHOW pacxod CUKKaTuBa, OyHTOB/CYT.
F = [NoTok rasa, MrnH. yT.%/cyT.
| = CopepxaHve Bogdbl Ha Bxoae, PYHTOB/MIH. yT.?
(@] = CopgepxaHue Bodbl Ha Bbixoae, pyHTOB/MIH. yT.?
B = COOTHOLLEHME CYKKaTUB - Boda, (PYHTOB CUKKaTVBa/hyHTOB BOAbI
OaHo:
F =1 MiH. dyT./cyT.
| = 21 pyHT/MIH. GyT.?
O =7 cpyHT/MNH. yT.? (TpeboBaHMe K cogepkaHuio Braru B Tpybonposoae)
B =1 cpyHT cukkatvBa/3 dyHTa BoAbI (MPaBMIO NPON3BOAUTENS)
Bbluncnsem:
D =F*(-O0)*B
=1*(21-7)*1/3
= 4,7 dyHTOB (2,1 Kr) CMKKaTVBa B A€Hb
Puc. 5: OnpeneneHue pa3Mmepa CUKKaTUBHOIO OCyLUMTenNs
loe:
ID = BHyTpeHHWiA anameTp pesepByapa, OONMOB
D = [IHeBHOW pacxop CUKKaTVBa, PyHTOB/CYT.
H = BbicoTa pabouero cnos conu, AnMoB
T = Bpemsi 4O crneaytoLero HanonHeHus, CyT.
B = lNnoTtHOCTb, hyHTOB/GYT.?
HaHo:
D = 4,7 cpyHTOB/CYT. (pPUC. 4)
H = 5 A101MMoB (MPaBuro NPOV3BOANTENS)
T =7 pHel (BbIOOp onepatopa)
B = 55 hyHTOB/PYT.® (AAHHBIE NPOM3BOAUTENS)
Bbluncnsiem:
4+D*T*12
ID =12+ T
1o 4+4.7+7+12
- 5+[1%55
= 16,2 grorimos (0,4 m)

BbIGpaTh CTaHOapTHbIN pasmep pesepsyapa 13 Tabnuusl puc. 6:
* Bbibepute bnvxariumi pasmep 6onbumn, Yem ID =20 atonmvos (0,5 m)




Puc. 6: CToumocTb M MakcuMarnbHasa NPou3BOAUTENbHOCTb
(Tbic. hyT.? (Thic. M?)/CYT.) CUKKATUBHBLIX OCyLUUTENEN

BHew- | Crtou- 100 200 300 350 400 450 500
HUA |MocTb",| dbyH- | PYHT- | byHT- | pyHT- | PYyHT- | chbyHT- | PyHT-

ana- $ TOBHa | OBHa | OBHa | OBHAa | OBHa | OBHa | OB Ha
MeTp, KB. KB. KB. KB. KB. KB. KB.
Aron- AOUM | OloUM | AroMM | AIOWM | A0AM | OIOAM | OoUM
MOB, M (0,7 (1,4 (2,1 (2,4 (2,8 (3,1 (34
MMMa) | MMa) | MMa) | MMa) | MMa) | MMa) | MMa)
260 301 342 383 424
10 (0,2) 2 850 95 (2,7)| 177 (5) (7.4) (8.5) ©9.7) (10,8) (12)
132 362 419 476 533 590
1203] 3775 | 37 | 27D (102 | (118) | (138 | (151) | (167)

400 587 680 773 866 959
(11,3) (16,6) (19,2) (21,8) (24,5) (27,1)

311 620 909 | 1054 | 1199 | 1344 | 1489
88) | (17,5 | (257) | (29,8) (34) (38) (42,1)
481 900 | 1319 | 1528 | 1738 | 1948 | 2158
(136) | (255) | (37.3) | (433) | 492) | (85,1) | (61,1)
760 | 1422 | 2085 | 2416 | 2747 | 3078 | 3409
@15) | (403) | (59) | (684) | (778) | (87.1) | (965)

1196 | 2230 | 3270 | 3789 | 4308 | 4827 | 5346
(338) | 631) | (926) | (107.3)| (122) | (136,7)| (151,4)

16 (04)| 5865 | 214 (6)

20 (0,5)| 6500

24 (0,6)| 8895

30(0,8)| 12850

36 (0,9)| 17034

' CtoumocTb Ans ypoBHen gaeneHus oo 500 ¢yHToB Ha kB. Atonm (3,4 MIa), Bkntovas
OfMH pe3epByap C oriopamMu, knarnaHbl, Tpy6bl U Ha4arnbHOe HarnonHeHUe rpaHynaMm
xrnopuaa Kanbuusi.

2 CTOMMOCTb OCYLUUTENS], BKIoYasi pe3epByap, Ornopbl, KnanaHbl 1 Tpyobl.

McTouHuk: Van Air

Otan 3: OueHKa KanuTanbHbIX U ONepaunoHHbIX 3aTpart. KaniTtankbHele
3aTparbl HA CUKKATUBHBIN OCYLUUTENb C OAHUM Pe3epByapOM, NPOMYCKHOM
cnocobHocTbio oT 0,1 4o 5 mrH. dyT.? (ot 32 800 go 140 000 Teic. M) B
CyTKM (BKItOMas HavyasnbHOE HarnorHeHWEe CUKKaTUBOM), KONeobnoTcs ot

$3 000 go $17 000. Korga Heobxoammas BenuunHa pesepsyapa onpeaeneHa
(OTan 2), napTHepbl MOryT UCnonb30BaTh Tabnuuy puc. 6, 4Tobbl
onpegenuTb KanuTarbHble 3aTpaTtbl HA CUKKATUBHBIN OCYLUUTESb.

[na npumepa 13 3T1ana 2 kanutanbHble 3aTpaTbl HAa CUKKATUBHbIN
OCYyLLUUTEMNb C OOHUM pe3epByapoM cocTaBaT $6 500. 3aTpaThbl Ha ocylUMTENb
¢ AByMs pesepsyapamu coctasaT $13 000.

CtonmocTb MOHTaxa 06bl4HO BapbupyeTtcs oT 50% 8o 75% ctoumocTtu
obopygoBaHus. icxogsa ns 75% ctoumocty 060pyaoBaHNUsi, MOHTaX
OMUCAHHOTO BbILLE CUKKaTUBHOIO OCYLUUTENSI C OOHUM pe3epByapoMm
oborigetcs B $4 875. MoHTax ocyLumTens ¢ AByMsl pe3epByapamu yaet
ctoutb $9 750.

Pacxogbl Ha akcnnyaTaumio CUKKaTUBHOIO OCYLLUMTENS BKIOYatkoT B cebs
CTOMMOCTb 3aMeHbl CMKKaTMBa 1 yaaneHue pacteopa. [1ockonbKy rpaHyrbl
CMKKaTMBa pacTBOPSAOTCSA MO Mepe MOrMoLLEeHMs Bnaru us rasa, paboumn
CIOW COMM HYXXHO NeproauYeckn NononHATL. MNonyyarLwmnca pacTeop
OOIMKeH ObITb yaaneH, nepepaboTaH 1 3axXxOpPoHEH.

Pwuc. 7 unntoctpupyeT nogcyeT CTOMMOCTU 3KCMyaTaumm ocyLumnTenst
MOLLHOCTbIO 1 MIH. dyT.? (28 Thic. M°). B 3aBMCMMOCTM OT Nnpon3BoauTens,
CTOMMOCTb XJlopuaa kanbums MoxeT konebatbes oT $0,65 ao $1,20 3a doyHT
($1,43 no $2,65 3a «r). MNpuHAB cTOMMOCTb Xxropuaa kanbuus 3a $1,20,
MOy4YMM UTOFOBYH CTOMMOCTb €XXeOHEBHbIX 3arpy3ok no 4,7 doyHTta (2,13 «r)
(13 Tabnuupbl puc. 4) $2 059. B npumepe, NpuBeaeHHOM Ha puc. 4, B
npoLecce yaaneHunst BoAbl U3 rasa 4O YPOBHS, MPELYCMOTPEHHOIO



cTaHgapToMm (T.e. 7 oyHTOB/MITH. cpyT.? (112 kr/mMnH. M®)), oBpasyeTcsi CoBceM
HeMmHoro pacTteopa: 4,7 dyHTa (2,13 kr) conu nntoc 14 gyHTOB (6,35 Kr)
BOAbI, yAaneHHon 13 rasa. Mtoro 18,7 cdyHTOB (8,48 Kr) pacTBopa B OeHb -
HeMHornm 6onbLue 2 rannoHoB (7,5 NMTPOB) B AEHb.

Puc. 7: Onpe.qenel-me CTOMMOCTM IKCcnnyaTauynn CUKKaTUBHOIo

ocywuTens

Mpe:
TO = O6Lasi cTouMOoCTb aKcnnyaTauuu, $/rog
CD = CToMMOCTb cuKKaTuBa, $/rof
CB = CTOMMOCTb 3aXOpOHEHWs pacTeopa, $/roa
| = CopeprkaHue Bofbl Ha Bxoae, yHTOB/MITH. (yT.?
o = CogepxaHwue Bogbl Ha BbIxoae, PYyHTOB/MIH. dyT.?
F = NoTok rasa, MrH. yT.*/CyT.
P = LleHa cukkatuea, $ 3a oyHT
D = [1HeBHOW pacxopn CuKkaTtuBa, yHTOB/CYT.
S = lNnotHocTb pacteopa CaCl2, dpyHTOB/Gappens
BD = CTOMMOCTb 3aXOPOHEHUS pacTBopa, $/6appernb
LC = CtoumocTb pabort, $
LT = TpyposaTpartbl onepartopa Ha 3arpysKy cukkaTvBa, Yac.
LR = 3apnnara onepartopa, $/4ac.
[OaHo:
F =1 mnH. dyT*/cyT. rasa npm 8,33°C (47°F) n 450 dpyHTax Ha KB. AtONM
P = $1,20 3a ¢oyHT xropuaa Kanbuysi (HaHHbIe NPOU3BOAUTENS)
D = 4,7 byHTOB CMKKaTMBa B AeHb (puC. 4)
S =490 dyHTOB/Gappenb
BD = $1,00/6appenb'
LT =1 yac B Hepgeno
LR =$30 B yac
Bbluucnsiem:
CD = D*P*365 gHei/ron

=4,7*1,2*365

= $2 059/ron

[((1-O)+F)+D]+BD+*365 gHel/ron
CB =
S

_ [((21-7)+1)+4,711,0+365

h 490

=14 $/ron
LC = LT *LR *52 Hepenb/rog,

= 1*30*52

=$1 560/ron
TO = CD+CB+LC

= $2 059+$14+$1 560

= $3 633/ron

" GRI Atlas of Gas-Related Produced Water for 1990, Main 1995 r.
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3T1an 4: OueHKa 3KOHOMUU. 3aMeHa IMNKOIEBOIO OCYLLUTENSA CUKKATUBHBIM
0aEeT 3HaYMTENbHYH SKOHOMUIO rasa M CHUXKAET 3aTpaThl Ha 3KChnyaTaumio 1
obcnyxunBaHue.

CyMMVpOBaTh 9KOHOMUIO OT NPEAOTBPaLLEHUS:
O6bEM CIKOHOMITEHHOMO

rasa MOXXHO OLIEHWUTb +  YTeuky rasa u3 rm1KONEBOro OCyLUUTENS.
nyTem cpaBHEeHUA + YTeuku rasa u3 ycTponcTB MHEBMATUHECKOTO
3MMCCUM U 3aTpaT rasa B ynpaBneHusi.

Cywiectaytoliem + CxuraHus rasa B rM1KONIEBOM pereHeparope.

[TIMKOIIeBOM OCyLUUTENE C
yTeuKow rasa npwu
CVIKKaTMBHOW OCYLLIKE. BblyecTsb:

* CxuraHus rasa B ra3oBoM HarpeBartere.

MNapTHepb! MoryT + YTeuKy rasa npu CUKKaTUBHOI OCYLLKE.
onpegennTtb 3KOHOMUIO

rasa, MpUHSIB BO
BHMMaHWe criegyrowime 5
haKkTopoB.

% OueHKa yTe4yku rasa npu CMKKaTMBHOM ocyluke. OGbeM yTeyku rasa n3
rmukoneBoro Aecopbepal/pereHepartopa paBeH o6beMy rasa,
nornowieHHomy T3l YTo6bl onpegenvTs 3T0, NAapTHeEpPam NoHagobuTcs
3HaTb MOTOK ra3a, coAepxaHune Boabl Ha BXOAE U BbIXOAE, OTHOLLEHME
MUKONb-BOAA, NPOLIEHT PELMPKYNALMMA U YPOBEHb NOMMOLLEHNS METaHa.

Puc. 8: YTeuka rasa U3 rnmkoneBoro ocywiutens

loe:
GV = CpenHerogoBovi 06bem yTeuku rasa, Toic. QyT.%/roa
F = NoTok rasa, MrH. yT.*/AeHb
W = CopgepxaHue Bofbl Ha Bxoae/Bbixoae, OyHTOB/MIH. dyT.?
R = COOTHOLLIEHME TNKONb - BOAA, ranmnoH/yHT
oC = [NpoueHT peumpKynsaummn
G = ypOBEHb MOTMOLLEHNST MeTaHa, oyT.>/ranmoH’
OaHo
F =1 MnH. dyT3/cyT. rasa npu 47°F n 450 chyHTax Ha KB. OtONM
w =21 -7 =14 cpyHTOB Bogbl/MnH. dyT.?* (Puc. 4)
R = 3 rannoHa/cyHT (MpaBuo NPov3BoOAUTENS)
G = 3 dpyr.*rannoH B TennoobMeHHbIX Hacocax (npaevno npoussoauTens)1
oC =150%
Bbluncnsiem:
F+W+R+OC+G*365aHe/ro,
oy =t A A)

1 000 cpyT.%/TBIC. DYT.?
_ (1%14+3+1,5%3+365)
1 000
= 69 TbIC. dyT./roa (2 Teic. M*/roa)

1 U3 otyeta: "Onmumusayusi YUpKynsyuu 21uKoss U npuMeHeHUe cernapamopos-
pacwupumeneu rpu arnukonesou deaudpamauyuu”.




Puvc. 8 AeMoHCTpUpyeT BbIYMCIIEHNS HA NPUMEPE OCYLUUTENS MOLLHOCTbLIO
1 MnH. dyT.? (28 Thic. M°). B gaHHOM npumepe nogpasymeBaeTcs
MCMonb3oBaHme TennoobMeHHOro Hacoca 6e3 EMKOCTU KOHTaKTHOrO
AerasvpoBaHus. Vcnonb3ys npasunia Npon3BoanTeNs U3 oTyeTa
"OnNTMMMU3aLMS LUPKYNALMW KON U YCTaHOBKA EMKOCTU KOHTaKTHOTO
[erasvpoBaHunsl B IMUKOMEBbLIX BMArooTAENUTENAX", Nofly4aem 3MUCCUIO
MeTaHa 69 Tbic. dyT.* (1,93 ThIC. M°) B rog,.

% OueHKa yTe4yku rasa U3 yCTpoucTB NHEBMaTU4Y€CKOro ynpaBrieHus.
YcTporicTBa NHEBMATMYECKOIO ypaBiieHust LUMPOKO UCMONb3YTCH Ans
OTCMEXVBAHUSA U PErYNMPOBKN MOTOKOB rasa u XWAKOCTW, TeMneparypbl 1
AaBneHns B MMUKONEBbIX OcyLuMTensx. B yacTtHocTu, ycTporictea
PerynupyroT NOTOKM XWAKOCTM 1 ra3a B OCYLUUTENSIX U cenapaTtopax,
TemnepaTypy B pereHepaTtopax OCyLUUTENs U AaBlEeHNe B EMKOCTSIX
AerasnpoBaHns (ecnm TakoBble NCMoMb3yoTces). B gaHHoMm npumepe
npegnonaraercs, YTo B YCTaHOBKE ITMKOMEBOr0 OCYLLMTENS C
rasoHarpeBaTtenem ectb YTEYKM B HYETbIPEX MHEBMATUYECKMX
KOHTpOMepax: KOHTPOmnepax YPoBHS Ha KOHTaKTope u peborinepe u
KOHTponnepax TemnepaTtypbl Ha peborinepe 1 rasoHarpesarerne.
CenapatopoB-pacluputenen Het. Takke npeanonaraeTcs, YTo YTeYKn BO
BCEX MHEBMATUMYECKMX YCTporcTBax bonbLune (T.e. B npouecce
aKcrnnyaTaumm oHy nponyckatoT 6onee 50 Toic. GyT.? (1,4 Thic. M°) raza B
roa). Miexogsa us gaHHbix otyeta GRI/EPA “Methane Emissions From the
Natural Gas Industry”,Volume 12 — Pneumatic Devices, cpegHerogoBas
yTe4yKa MeTaHa 13 CpegHero NHEBMaTUYEeCKOro YCTPOMCTBa OLEHMBAETCH
B 126 TbiC. chyT.? (3,53 Thic. M?) B rog. CrnegoBaTenbHO, YeTbipe
NHeBMaTn4eckux yctponctea gagyT 504 toic. dyT.? (14,11 Thic. M)
ammccum metaHa B rog. Puc. 9 nnnictpupyet npumep.

Puc. 9: YTeuka rasa us yCTpOﬁCTB nHeBMaTU4YeCKoro ynpaBsrieHus

loe:

GB = YTeyka rasa, TbiC. PyT.*/roq

EF = dakTop aMmUccUn, ThiC. PYT.® YTEUKMN rasa/MHEBM. YCTPONCTBO B rof
PD = KonunyecTtBo nHeBMaTUYECKUX YCTPONCTB
[OaHo:

EF =126 TbIC. (hyT.}/ycTporicTBO/rOA

PD = 4 NHEeBMaTUYECKMX YCTPONCTBA/IMMKONEBBIV OCYLUMNTESb
Bbluucnsiem:

GB = EF+PD

=126+4
= 504 Tbic. dyT.*/rog (14,3 Thic. M¥/ron)

1 Otuer GRI/EPA “Methane Emissions From the Natural Gas Industry”,Volume 12

* OueHKa KkonuyecTBa rasa, COXKeHHOro B IMIMKONIEBOM pereHeparope.
B rmukoneBom ocylumTene NpuMpoaHbIN ra3 UCNomnb3yeTcs Ansi
BbINapvBaHUs BoAbl U3 MMYKONs B pereHepatope/pebonnepe. MNpuHss,
yTo pebovinep notpebnser Tenna 1 124 Btu Ha rannoH (74,2 kkan/n) T3r,
norny4aem pacxop rasa pedonnepom 17 Teic. dyT.? (0,48 ThiC. M°) B rog.
Puc. 10 nnntoctpupyeT BbIYMCNEHNS.
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Puc. 10: 'a3, coxKeHHbIN B IMUKONIeBOM pebonnepe

lpe:
FGR  =Tas3, coxkeHHbI B peborinepe, Tbic. yT./rog,
F = lNoTok rasa, MiH. yT./cyT.
"\ = ConepxaHue Bogbl Ha Bxoae/Bbixoae, OyHTOB/MITH. dyT.?
Qr = lNMotpebneHune Tenna pebonnepom, Btu Ha rannon TAl™
Hv = TennooTgada npupoaHoro rasa?, Btu/ctang. gyt
R = COOTHOLLIEHMEe MUKOnb - Bogda, rannoH T3l dyHT Boapr®
OaHo:
F =1 MnH. dyT/cyT.
W =21-7 =14 cpyHTOB BOABI/MIH. YT
Qr =1 124 Btu/rannox T3
Hv =1 027 Btu/ctaHg. dyT®
R = 3 rannoHa T3l /yHT yaaneHHo Boabl
Bbluncnsiem:
F+W *Qr+R*365 gHeln/ro,
FGR ( i} a)

- Hv=1 000 dyT.*/TbIC. PYT.?
_ (1%14%1 124+3+365)
1 027+1 000
=17 (0,5) TbiC. cbyT.? (TbIC. M®)/ O,

' Ha ocHoBaHumn kanbkynsaumm ns Engineering Data Book, Tom 2, 11e n3gaHue, Gas Proces-
sors Supply Association, 1998, Section 20-Dehydration.

2 Energy Information Administration (EIA), Monthly Engineering Review, Table A4.
® W3 otyeta: "Onmumu3sayusi YUPKYRsyuU 271UKOAs U NPUMEHEHUEe cernapamopos-

pacwupumeneu rpu aukonesoli decudpamauyuu”.

% OueHKa KonuM4yecTBa rasa, COXCKeHHOro B ra3oBom HarpeBartene. TOl
nrnoxo paboTtaeT nNpu HU3KMX TemnepaTtypax. B pesynsrate, kak npasuno,
ra3 HarpeBatoT nepep ero NocTynneHvem B ocylumTens. B kavectse
TONNMBa 418 ra3oHarpeBarens UCnosnb3yeTcs NpupoaHbIn ra3. Oobem
rasa, CoXeKeHHoro npu oéorpese 1 MnH. dyT.* (28 Tbic. M*) 4OBLITOrO rasa
B cyTkn, ¢ 47°F (8,33°C) no npegnonaraemsix 90°F (32°C), coctaBuT
483 TbIC. byT.* (13,5 ThIC. M?) B roa. Puc. 11 unnoctpupyeT BblYMCIEHUS.

% OueHKa yTeuyku rasa U3 CUKKaTUBHOIO OCYLUUTENA. YTeuka rasa us
CVIKKaTMBHOTO OCYLLUUTENs onpedensercs BbluucrneHmem obbema rasa,
BbIMyCKaeMOoro Kaxablin pa3 13 pesepsyapa npv CHATUN OaBMEHNS B
npouecce HanonHeHus. Ytobbl onpeaenvTs 06beM BbIMyLLEHHOTO rasa,
napTHepam HYXHO 3HaTb OObeM pe3epByapa U OO0 3TOro oobema,
3aHMMaeMyto rasom. Pesepsyap (puc. 6) ¢ BHelwHUM anametpom 20
Aaronmos (50,8 cm) umeet BHYTpeHHUI avameTp npuMmepHo 19,25 arorimos
(49 ™m) (npu TonwwmHe cteHkm 3/8 aronima (0,95 cm)). Pesepsyap nmeet
cpegHtoto anuHy 76,75 gronmos (195 cm), 45% ero obbema 3anonHeHo
rasomMm. B cootBetcTBMM C 3akoHOM Boiins, obbem rasa, BbinyLEHHOMo B
aTMocdepy B npoLecce CTpaBnuBaHWs AaBrneHnst 3 pesepsyapa,
coctasut 10 Tbic. cpyT.? (0,28 ThiC. M®) B roa. Puc. 12 unntoctpupyet
BbIYNCMEHMSI.




Puc. 11: O6bem rasa, COXKeHHOro B ra3oHarpeBartersne

lpe:

FGH = [a3, COXCKeHHbIN B ra3oHarpeBarerne, Tbic. dyT.*/roq
Hv = Tennootgaya NpUpoAHoro rasa, Btu/dyT.?

Cv = YpeneHas Tennootaada npupogHoro rasa, Btu/dyHT °F
D = NOTHOCTb NPMPOAJHOIO ra3a, PyHTOB/yT.?

AT = (T2-T1) nameHeHune Temneparypsl, °F

F = lNoTok rasa, MiH. yT./cyT.

E = O heKTMBHOCTb

OaHo:

Hv = 1,027 Btu/dpyT?

Cv = 0,441 Btu/cpyHT °F

D =0,0502 pyHTOB/pYT.?

AT =43 °F (90 - 47) °F

F =1 MAH. dyT/cyT.

E =70%

Bbluucnsiem:

(F+*D+Cv+DT +365aHen/ron*1 000TbIC. pyT.>/MnH. yT.%)
B (Hv+E)
(1+0,0502+0,441+43+365+1 000)
- (1027+0,7)
=483 TbIC. chyT.*/rog (13,7 Tbic. M*/ron)

FGH

% OueHKa YMCTOM IKOHOMMM rasa. Hucras sKOHOMUS rasa CknaablBaeTcs
13 CyMMbl NpeaoTBpaLLEeHHON 3MUCCUM U UCTPAYEHHOTO B IMMKONEBOM
ocyLumTere rasa, 3@ MMHYCOM rasa, BbIMyLLEHHOIO 13 CUKKaTUBHOIO
OCyLUMTENS B NPOLECCe HaMomnHeHUs CUKKaTnBoM. B gaHHOM npumepe
yncTast skoHomMus rasa cocraenseT 1 063 Toic. dyT.? (30 ThiC. M°) B roa.
Mpw ueHe Ha ras $3,00/Tbic. dyT.? ($106/TbIC. M) CTOMMOCTb
C3KOHOMIIeHHoro rasa coctasuT $3 189 B roa. MpUpPoaHbI ra3 CoaePXKuT
90% meTaHa. Takum 06pasom, obLLas npefoTBpaLLeHHas aMUccus
mMeTaHa cocTtaBuT 90% OT pas3HOCTU obbema rasa, IMUTUPOBAHHOMO
MMKONEBbIM OCYLUMTENEM Y NHEBMATUYECKMMN yCcTporcTBamu (puc. 8 n 9
COOTBETCTBEHHO), M BbIMYLLEHHOIO 13 CUKKAaTUBHOIO ocyLumntens (puc. 12),
B AaHHOM cnyyae 507 Teic. dyT.?* (14,2 ThiCc. M?) B roa. Puc. 13
WNMOCTPUPYET BbIYMCTIEHUS.
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Puc. 12: YTeuka rasa n3 CUKKaTMBHOIo ocyLuntens

loe:
GLD = YTeuyka rasa 3 CUKKaTUBHOMO OCYLUMTENS, ThiC. dyT.%/ro
H = BbicoTa pe3epByapa ocyLumTens, yT.
D = BHyTpeHHWI guameTp pesepsyapa, gyT.
P, = ATmMocdepHoe faBneHue, psia
P, = [laBnieHve rasa, psig
I =yucno Mu
%G = pons raza B 06beme 3arnornHeHHOro pesepayapa
T = Bpewmsi Mmexxagy 3arpyskamu, cyT.
[OaHo:
H = 76,75 gronwvos (6,40 dyTos)'
D =19,25 gronmvos (1,6 dyToB)
P, = 14,7 psia
P, =450 psig + 14,7 (464,7 psig)
T =3,14
%G = 45% (npaswno nponssoauTtens)’
T =7 OHen
Bbluncnsiem:
(H *D *I1+P,*%G+365aHen/ron)
GLD

(4+P,*T+1 000cpyT.%/ TbIC. PYT.?)
(6,4+1,6%+3,14+464,7+0,45+365)
(4+14,7+7+1 000)

=10 Tbic. dyT./rog (0,3 Thic. M*/ron)

" Mo pgaHHbIM Van Air.

Puc. 13: O6was skoHomMus rasa

Bbluncnsiem:

TGS = O6LLast akoHOMUS rasa (Tbic. dyT./roa)
=pwuc. 8 + puc. 9 + puc. 10 + puc. 11 + puc. 12
=69 +504 +17 +483 - 10
=1 063 TbIC. hyT.*/rog

AkoHomusA = 1 063 Tbic. dpyT./rog * $3/Tbic. GyT?
=$3 189/ron

COKpaI.IJ.eHMe 3MUCCUUN MEeTaHa

TMER = YuncToe cokpalleHne amMmccum MeTaHa
TMER =90% * (Puc. 8 + Puc. 9 - Puc. 12)
=0,9 » (69 + 504 - 10)
= 507 Tbic. dyT.*/rog (14,3 Thic. M¥/ron)




HeobxoammMo Takke yunTbiBaTb U3AEPXKKU (Tpyao3aTparsl), CBA3aHHbIE C
pasHWLEN B 3KCMyaTaumm n o6CnyXMBaHUM MMNKONEBBLIX U CUKKATUBHBLIX
ocyLuuTenen.

B cTOMMOCTb 9KCnryaTtaumm CUKKaTUBHOTO OCYLLUTENS BXOOAT CTOMMOCTb
HarMoMHeHUs1 CUKKaTUBOM, yaarneHusl pacTeopa v Tpyao3artparhl. [ocKornbKy
CUKKaTUBHbIN OCYLLUTESNb HE UMEET ABMKYLLMXCSA YaCTeN U He HYXOaeTcs B
MUTaHUM, CTOMMOCTb 0BCMYKMBAHUA HUYTOXHO Mana. CToMMOCTb
HarMoMHeHWs 1 yaaneHus pacTBopa, yXKe paccunTaHHast B Tabnuue puc. 7,
cocTaBnset $2 059 n $14 B rog cooTBeTCTBEHHO. Tpyao3aTparsi
npeanonaratoT OAUH Yac B HEAES0 Ha HaMomHEHWEe CUKKaTUBHOMO
ocywwuTens. Mpu $30 B yac ato cocTtaBuT okono $1 560 B rop,.

CTonmocCTb 3KCnyaTaLmm rMUKONEBOIO OCYLUUTENS BKIOYAET B cebs
nogaepkaHue ypoBHS IMuUKons B eMkocTh. O6cnyxuBaHve 1 TpyaosaTtpathl
BKJTHOHAIOT MPOBEPKY Y YNCTKY MEXaHUYECKUX CUCTEM, NMEPUOSUNYHECKINN
PEMOHT Hacoca M NMHEBMATUYECKNX KOHTPOIIEPOB U EKEFOAHYH YUCTKY
dopcyHok pebonnepa v rasoHarpesatenst. CTOMMOCTb MIMKOMS COCTaBnseT
$450 3a rannoH, ero pacxof 06bI4HO - 0,1 ranmnoHa Ha MiH. qyT.?

(0,015 nutpoB Ha Tbic. M*) nepepaboTaHHoro rasa. B Hawwewm cnyyae
nony4mnTcs okoro 37 rannoHoB (140 nuTpoB) rmukonsa B rog unu $167 B rog,.
Tpyno3aTpaTtbl COCTaBAT B CPEAHEM [Ba Yaca B HELEMO Ha OOCnyX1BaHMeE U
peMoHT oGopyaoBaHus. Mo $30 B yac ato cocTaBuT okorno $3 120 B roga,.
CTonmoCTb 3anyacTeli OLEeHNBAETCS NPMMEPHO B MOMOBKHY CTOMMOCTH
Tpynosatpat unu $1 560 B roa. Takum obpasom, obLme 3aTpaThbl Ha
aKcnnyaTaumio, obcnyxusaHve 1 pabodyto curny B JaHHOM MPUMEPE C
rMKONEBbIM ocylumTenemM coctaensioT $4 847 B rog.

Otan 5: AkoHOMMYecKku aHanu3. B 3aknioyeHne HeobxoamMMo CpaBHUTL
CTOMMOCTb BHEOPEHWS, CPeqHErofoBy0 CTOMMOCTb dKChyaTaumm n
obcnyxunBaHmsa obenx yCTaHOBOK, a Takke CTOMMOCTb CAKOHOMIIEHHOTO UM
3aTpavYeHHOro/noTepsHHOro rasa B obomx cnydasx. B Tabnuvue puc. 14
NpUBEAEHO CPpaBHEHME CTOMMOCTM BHEOPEHNS, dKChyaTaumm n
06Cny>XMBaHNSA CUKKaTUBHOIO U IMMKONEBOro OCyLLUTENEn
(nepepabatbiBatoyx 1 MiH. yT.® (28 TbiC. M*) NPUPOAHOIO ras3a B CyTKU,
nog gaenexHvem 450 cyHTOB Ha kB. atonm (3,1MMa), npn Temnepatype 47°F
(8,33°C)). B Tabnuue puc. 15 cpaBHmBatoTcs 06bEM U CTOMMOCTL ra3a,
NoTPebrneHHOro NNy NOTEPSHHOIO KaXKOoW YCTaHOBKOW.

Puc. 16 nokasbiBaeT, Kakyto aKoHOMUIO napTHep nporpammel Natural Gas
STAR MOXeT oxuaaTb Mo UcTeveHn 5 neT nocrne 3aMmeHbl CyLLECTBYIOLLEro
[MMKOIEBOrO OCYLUUTENST MOLLHOCTLI 1 MiH. cpyT.® (28 ThiC. M®) B CyTKM Npu
napameTtpax rasa 450 cyHTOB Ha kB. Atonm (3,1 MIMa) n 47°F (8,33°C) Ha
CUKKaTUBHbIN.
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Puc. 14: CpaBHeHue CTOMMOCTU CUKKaTUBHOIO U FIMKONEBOro
ocywuTtenen

1 MnH. dyT.? (28 ThIC. M°) B cyTKM noA AasneHnemM 450 chyHTOB Ha KB. AIOAM
(3,1 MNa) n 47°F (8,33°C)

Buabl 3aTpaTt 1 aKoHOMUA Cukkatus, | Mukonb,
$iron $/rop,

CroumocTb BHEAPEHNA

KanuTankeHble 3atpathbl

CukkaTvB' (BKMoYas Ha4arbHOE HanorHeHWe) 13 000

[mmnkonb 20 000

[pyrue 3atparbl (MOHTaX 1 Hanaaka)’ 9750 15000
Bcero 3atpat Ha BHeapeHue: 22 750 35 000

CpenHeronosaﬂ CTOMMOCTb 3KCnyatauum n 06CJ'Iy)KVIBaHI/IFI

CukkaTtms
CTOoMMOCTb HanonHeHust cukkatmeom® ($1,20/coyHT) 2 059
CroumocTb yaaneHusi pactsopa’® 14
CroumocTb paboyen cunbl 1 560
[Mukonb
CTommocTb HanonHeHus rmukonem* ($4,50/ranmnoH) 167
CrtoumocTb paboTbl U MaTepuanos’ 4 680
CpenHerofoBasi CTOMMOCTb 3KCMyataumm 1 06CnyKmBaHus: 3633 4 847

' Mpepnonarasi, YTo ABa pe3epByapa paboTaroT He3aBUCUMO, CM. pUC. 5.

? MNpepgnonaras, 4To CTOMMOCTb MOHTaXa CoCcTaBnseT 75% CTOMMOCTN 060pyAOBaHMS.
? 3HaveHus 13 Tabnmubl puc. 7.

4 Cm. 31an 4. OueHka 3KOHOMUN.

Puc. 15: CpaBHeHne o6bema noTpebrieHHOro/yTepsiHHOro rasa u
CTOMMOCTH

1 MnH. dyT.® (28 Thic. M°) B cyTKM nop AaBneHueMm 450 chyHTOB Ha KB. OHOUM
(3,1 Ma) n 47°F (8,33°C)

Buabl notepb 1 notpebneHus CukkaTtuB Mmukonb
Tbic. pyT.? | $/rog' | Thic. chyT.? | $/rog’
(TeIC. M%)/ (TbIC. M%)/
roa roa
MoTpebneHue rasa
Tonnwmeo (puc. 10 n 11) - - 500 (14,1) 1 500
[Motepu raza
MHeBMaTu4eckme yctporctaa (puc. 9) - - 504 (14,3) 1512
YTeuku (puc. 8 n 12) 10 (0,28) 30 69 (2) 207
Bcero: 10 (0,28) 30 | 1073(304)| 3219
Omucensa meTaHa’: 10 (0,28) - 507 (14,3) -

' LleHa rasa $3/Tbic. doyT.? ($106/TbIC. M°)
2 3HaveHus B3ATbI U3 puc. 12 1 13




Puc. 16: 3koHOMMU4YecKue nokasaTenv 3aMmeHbl rMUKONeBoro
ocyliuTesns Ha AByXpe3epByapHbIA CUKKaTUBHbIA OCYLUUTENb

Bupbl 3aTpart m flop0 | o1 fop2 | Tronp3 | fTop4 | o s
3KOHOMMSA ' ($/rop) | ($/rom) | ($/rom) | ($/rom) | ($/rom) | ($/rom)
KanuTankeHble 3atpathbl (22 750)

MckntoveHHble 3atparbl Ha
JKCryaraLmio n 4 847 4 847 4 847 4 847 4 847
obcnyxuBaHve

38TpaTbI Ha aKcniyatauuto
1 oBCryKuBaHue (3633) | (3633) | (3633) | (3633) | (3633)
cukkatusHoro, $/ron

CroumocTb

3219 3219 3219 3219 3219
COKOHOMJIIEHHOTO rasa

CtoumocTb
BbIcBOOOAMBLLErOCH 10 0007
obopynoBaHusi

Beero, $ (12750)| 4433 4433 4433 4433 4433

NPV (uncTasa npueeneHHasi ctoumocTsb)3 = $3 137
IRR (BHyTpeHHsist Hopma npubbinn) 4 = 21%
Cpok okynaemocTu (net) = 2,9

"Bce 3HaveHws 3aTpart B3aTbl U3 puc. 14 n 15. Lexa rasa $3,00/Tbic. doyT.? ($106/TbiC. M°).
*Nexons n3 50% kanutanbHOV CTOVMOCTY FIMKOMEBOrO OCYLLTENS.

*NPV paccunTtaHa, ncxogs us craBku auckoHtuposanusa 10% 3a 5 ner.

*IRR paccuutaHa Ha 5 ner.

CuKkaTMBHbIE OCYLUMTENN NO3BONSAIOT COKpaLLaTb BbIOPOCHI MeTaHa B
npoLecce OCyLUKM C 93KOHOMUYECKOWN BbIroAown Ansa npeanpuatms. OnbIt
napTHepPOB MoKasbIBaET crieqytoLlee:

* [NpyMeHeHne CHUKKaTVBHBIX OCyLUMTerei 4aeT 3Ha4YMTeNbHbIe
3KOHOMMYECKME BbIrodbl, Takue, Kak pocT a¢pdheKTMBHOCTM NPOU3BOACTBA,
CHVDKEHVE KanuTasnbHbIX 3aTpaT 1 3aTpaTt Ha dKCryaTauumio 1
obcnyxvBaHue, B YCIOBUSIX BbICOKMX JaBMNEHUA U HUSKUX TeMMepaTtyp Ha
yCTaHOBKax C HEBbLICOKOW NMPOV3BOANTENbHOCTHIO.

* CTOMMOCTb BOCMOMHEHWS CUKKaTVBa HEMHOTO GOrIbLLE MO CPABHEHUIO C
IMIVKOMEM, MOTOMY YTO CUKKaTMB PacTBOPSIETCS B BOAE M [OIDKEH
BOCTOSHATLCA PEryNspHO, B TO BPEMSI Kak IMKOMb UCMOrb3yeTcs
MOBTOPHO.

* CuKKaTMBHbIE OCYLUMTENW SPEKTUBHBI B NIIAaHE CHMKEHUS] SMUCCUM
MeTaHa, J10C 1 OA3, uTo B pesynbraTe AaeT Kak SKOHOMUYECKME, TaK U
3KOIMOrM4eckne BbIrodbl.

* CokpallleH/e 3MMUCCUN MEeTaHa 3a CYET 3aMeHbI [TIMKOMNEBON OCYLLIKM Ha
CVIKKaTMBHYH [OOMKHO ObITb BKIOMEHO B rogoBoV OTYET nporpammbl Nat-
ural Gas STAR.
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PaBHOBecHOe C CUKKaTUBOM cofepikaHue Braru B npupogHom rase (cpyHToB BoAbl Ha
MIH. ¢hyT.’ rasa)

MrpockonnyHble CUKKaTUBHbIE TabneTkn Xnopuaa Kanbuus

10 25 b0 Fi 100 | 125 | 150 | 17% | 200 | 22b | 250 | 275 | 00 | 350 | 400 | 500 | 7S50 | 100D
PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG
B0F | 344 219 134 98 77 B4 L 48 43 i 35 33 k]I 27 236 | 197 | 143 1.6
I%F | 292 188 13 83 43 54 46 41 36 e 30 28 26 [ 225 | a0t | &R | 122 93
TOF | 248 157 9 70 55 46 34 43 3 27 25 234 | 217 191 171 143 | 104 85
65°F | 207 132 Ell ] L 1 kxl 23 26 235 | 214 | 198 | 184 | B2 [ 145 121 83 7.3
GO°F | 174 il ] 50 k] kki 25 245 | 219 | 198 fa.d 68 | 1685 [ 137 | 123 | 103 7.6 6.2
58°F | 162 103 L:x] 46 36 kil 26 228 ) 203 | 184 | BB | 16E | M4 [ 123 1.4 96 7 5.8
56°F | 150 EL L] 43 kL) 24 241 | 212 | 1839 71 | |7 | 145 | 134 1.8 0.6 83 EE 54
54F | 140 2] i 40 k] 26 225 | 198 | 1TE & “E | 135 | 12E 111 93 8.3 6.2 5.1
52°F | 130 LX) 3l w 29 245 21 B4 | B4 | M9 | 44 | 2B e 0.3 43 7.8 L] 47
50°F | 121 T 47 35 7 28 | 135 17.1 JL2R O I cR- I A Y A I | A 96 BE 7.2 b4 4.4
45°F | 100 B4 34 29 227 | 183 | B2 | M43 | 127 15 | 10E& a8 LR ] 7.2 A 4.5 v
40F | 83 k] 32 4 178 | 156 | 134 1n.a 05 36 B.a Al 75 BT [ 5 ek i
I5°F | €8 44 27 196 | 185 13 11 a8 a7 74 iz B Ez2 55 5 42 a1 2B
erpocxoanHble CUKKaTUBHbIle TabneTku xnopuvaa nutusa
L] 25 o i 100 | 125 | 150 | 175 | 200 | 225 | 250 | 275 | X00 | 350 | 400 | 500 | ¥50 | (00D
PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG | PSIG
80F | 128 ]l 50 36 29 237 | 202 | 7B | 158 | 143 13 12 LAl 9.8 0y 7.3 5.3 4.3
75%F | 108 ] 42 ]l 24.2 20 7.2 5.1 134 121 111 02 9.5 8.3 T4 6.2 4.5 37
TF| 9 k] 36 26 20.4 17 w5 | =27 1.3 10.3 94 a7 8 71 b3 5.3 38 kAl
65F | 77 43 30 29 [ 2 | 143 | 122 | 108 96 87 7A 7 6.8 [ 4 45 33 27
BOF | E5 4 25 B4 | 145 121 0.3 31 ai 74 6.7 6.2 57 5 45 iA 28 23
58F | &0 | o[ 234 | 1M 135 1.2 98 a4 75 .8 .2 57 5.3 47 42 35 26 21
56°F | EE w 27 | 1|88 | 125 | 105 83 78 7 B3 58 54 5 44 K| e 24 2
54F | &2 3 203 | 48 17 a7 83 73 -] 5.4 .4 il 4.8 41 T KA 23 18
52F | 48 kil 83 | 138 | W03 3 7 B8 E1 5.A § 47 4.3 38 34 28 21 17
50°F | 45 29 75 | 128 104 84 7.2 .4 5E LA 47 44 4 a5 32 27 2 1E
i5F | 37 238 | Wh | 07 B4 7 [ 53 47 4.3 | 16 33 23 26 22 18 13
40F | 30 EL: 12 a7 B3 5.8 43 44 33 36 32 3 28 24 22 18 14 11
IF| =25 11 a3 72 ar 4.8 4.1 36 32 24 27 25 23 2 18 13 11 0.3

Wctounuk: Van Air

19
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Wctounmk: Smith Industries, Inc., Houston, Texas

20



United States

Environmental Protection Agency
Air and Radiation (6202J)
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